INTRODUCTION {#sec1-1}
============

The health of the occupants at the workplace is determined by their microenvironment.\[[@ref1]\] American Society of Heating Refrigerating and Air-conditioning Engineers.\[[@ref2]\] The productivity and efficiency to the work are linked with the immediate environment of the workplace; however, humans are versatile machines having the capacity to adopt different climatic conditions.\[[@ref2]\] The adequate lighting conditions, suitable temperature, and humidity, calm atmosphere and hygienic conditions in the workplace may increase attentiveness and will reduce the rate of errors, increase productivity and may improve the quality of products and services, lower rates of absenteeism and employee turnover, fever accidents and reduction of health hazards. It is reported that deviation in the microenvironment may curtail mental and physical operation of the workplace. Thus, thermal comfort becomes essential for humans to perform in the workplace.\[[@ref3]\] The excessive loss of heat to cold environment during winter may constrict outer blood vessels, result in the decrease of blood flow to the outer surface of the skin and body may undergo muscular tension.\[[@ref4]\] Human tolerance to humidity variations is much greater than the tolerance to temperature variations, but control of humidity is important for the workplace. Experimental studies have shown that skin humidity is a major reason for discomfort at high humidity\[[@ref5][@ref6][@ref7]\] could cause a negative effect on the subject\'s thermal comfort\[[@ref8]\] and high humidity may also influence the growth of fungi at the workplace.\[[@ref9]\] High humidity causes condensation problems in cold surfaces and retards human heat loss by evaporative cooling (cooling and respirations).\[[@ref10]\] The operative temperature range for indoor occupant in typical winter clothing (0.8--1.2 clo) is specified as 68--74°F (20--23.5°C). The preferred temperature range for occupants dressed in summer clothes (0.35--0.6 clo) is 73--79°F (22.5--26°C) and the proper light, ventilation, noise and hygiene are also essential.\[[@ref11]\]

Carpet-weaving industry is a labor intensive and one of the most tedious professions, requiring long hours of static work. Carpet workers are exposed to different types of health-risk factors in different seasons during the year. It is advocated when the environment conditions become harsh, risk for developing various types of diseases increases. These problems are further aggravated when the environmental conditions in the workplace deteriorate.\[[@ref12]\] The working environment in most carpet industry is unsafe and unhealthy in India. This means poorly designed workstations; unsuitable furniture; no ventilation; inappropriate lighting, no heating and cooling arrangements during different seasons; excessive amount of suspended particulate matter; insufficient safety measures and no personal protective equipment. People working in such environments are prone to occupational diseases.

Previous studies have reported occupational exposure of carpet-weavers at locations that have cold climate like Kashmir\[[@ref13]\] where carpet units tend to be enclosed. These conditions differ from those in Gwalior, where carpets are weaved in open ventilated areas during summer and in enclosed areas during winter seasons as Gwalior has extreme climatic conditions, scorching summer and chilly winter as compared with other parts of India. However, occupational hazards and health problems of carpet-weavers have not been adequately explored in northern provenance of Madhya Pradesh with special reference to different seasons. There is a need to evaluate the impact of climatic conditions and biological contaminants on the health of weavers working in these carpet units. Notably, our evaluation was conducted during every season throughout the year as Gwalior is having an extreme hot and cold season of the India subcontinent, and we investigated the fungal contamination simultaneously. We selected villages that were totally isolated from the Gwalior main city in order to reduce the impact of background pollution. We documented a high prevalence of different types of disease among the working group during the winter season. The study was designed with the objective to know the prevalence, of various risk factors and coping up strategies to minimize the impact upon the health of weavers working in the carpet industry under severe climatic conditions. We believe that improvement in the working conditions may not only improve the quality of work but may also help increase production.

MATERIALS AND METHODS {#sec1-2}
=====================

Three villages were selected on the basis of random sampling technique. In the present study, the three villages Eslampura, Bhaudapur and Pichor Ki Pahadiya were represented by the site I, site II, and site III, respectively. Altogether 83, 78, 70 workers in monsoon, winter, and summer, respectively, participated in the present investigation, and their selection was based on random sampling technique. Of these 22 males, 61 females, 25 males, 55 females, and 24 males, 46 females participated during monsoon, winter and summer seasons, respectively. The average working hours for the workers in the carpet industry was 6--7 h. The questionnaire was structured as per the guidelines of OSHA with slight modification.\[[@ref14]\] The questionnaire consisted of two parts:

Personal details that are, age, gender, job tenure, daily working hours, marital status, number of children, educational level, smoker or nonsmoker and medical backgroundThe second part of the questionnaire was subdivided into different types of diseases viz., respiratory disease, musculoskeletal diseases, physical disorders, and general disease. The target group was the workers of the age between 10 and 50 years and the experimental subjects were divided into four groups according to their age (A: 10--20; B 21--30; C: 31--40; D: 41--50).

Study area {#sec2-1}
----------

The present study was conducted in Gwalior city, situated in the northern province of Madhya Pradesh (India) at Latitude 26° 220 N and Longitude 78° 180 E, having total area of 5214 km^2^. It has an average elevation of 197 m (646 ft). The climate of Gwalior region may be described as composite with hot and dry summers, hot and humid rainy season and short autumns and winters. Mean maximum temperature in summers is 38°C, with the highest maximum of 48°C and mean minimum temperature in winters is 18.5°C with the minimum range of 1--3°C.\[[@ref15]\] The city region is within a rain shadow zone, and the rainfall in the area is 700 mm/annum, which is half the average rainfall during the monsoon months in the state. Thus, the scorching summers and chilly winters provide variable environmental scenarios to occupants and result in different types of health problems.

Temperature and humidity {#sec2-2}
------------------------

Indoor temperature and humidity were measured by an indoor thermo-hygrometer (Thermo-hygrometer 288, CTH, Instruments and Machinery Corporation, Maharashtra, India) in the morning, afternoon and evening for 10 consecutive days, during every month.

Light intensity {#sec2-3}
---------------

Light intensity was measured using a Digital Lux Meter (MS 6610 Instruments and Machinery Corporation, Maharashtra, India) at an interval of 20--30 s for 45 min. Six independent measurements were taken to analyze the average light value, during every month.

Noise intensity {#sec2-4}
---------------

Noise intensity was measured using a sound level meter (Sound Level Meter SL 4010, Digital Sound Level Meter, LUTRON, Taiwan; Make Model SL-4010, range: 35--130 dB instruments) at an interval of 20--30 s for 45 min. Six independent measurements were taken to analyze the average noise value, during every month (Catlin, 1986).\[[@ref16]\]

Culturing and identification of fungi {#sec2-5}
-------------------------------------

Sampling of culturable airborne microfungi was done using the petri plate gravitational settling method. Samples were collected at monsoon, winter and summer season. Petri plates were exposed to air 50--80 cm above ground level for every 15-min indoor sampling session, while outdoor air samples were collected at a height of 150 cm above the ground surface for 15-min. Peptone dextrose agar containing tetracycline hydrochloride was used to catch, enumerate, and isolate the fungi in the air.\[[@ref17][@ref18]\] Tetracycline hydrochloride was added to prevent the growth of bacteria and other contaminants. The plates were incubated at 27°C for 7--10 days and growing fungi were counted at the end of the incubation period and sub-cultured on slant PDA medium in tubes before identification.

Identification of the fungi was based on their morphological and microscopic features. The determination of microscopic structures of fungi was carried out on material mounted in lacto-cotton blue stain, proposed by work provided for the identification of fungi at the genus level.\[[@ref19][@ref20]\]

Statistical analysis {#sec2-6}
--------------------

The results of the temperature, humidity, noise and light were analyzed using one-way analysis of variance with Duncan\'s multiple range tests for comparison of the significance level (P) between the mean valves of different seasons. The significance of the difference among different age groups was tested using Chi-square test. A *P* ≤ 0.05 value was considered as a significant difference between the values compared.

RESULTS {#sec1-3}
=======

Participant demographics {#sec2-7}
------------------------

A total of 83, 78, 70 carpet-weavers in present investigation during monsoon, winter, and summer seasons, 45.4%, 51.7%, and 56.2% of the weavers were smoking/chewing tobacco during monsoon season at the site I, II, and III, respectively, overall 58.9% ± 4.8% of the weavers were found to be chewing/smoking tobacco at the 3 selected sites \[[Table 1](#T1){ref-type="table"}\].

###### 

No. of weavers and percentage of tobacco chewing/smoking weavers in carpet industry during different seasons
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Evaluation of temperature and humidity {#sec2-8}
--------------------------------------

Mean temperature in the carpet industry was 24.1 ± 0.3, 24.8 ± 0.4, 23.8 ± 0.4 in monsoon, 11.3 ± 0.3, 10.9 ± 0.3, 11.5 ± 0.4 in winter, 33.3 ± 0.5, 36.0 ± 0.6, 33.9 ± 0.6 in summer at the site I, II, and III, respectively. A significant difference in the mean temperature (°C) was observed at the carpet industry during monsoon and winter season, winter and summer seasons at the site I, II, and III. However, no significant difference in mean temperature (°C) was observed between monsoon and summer at the site I, II, and III. The minimum temperature in the carpet industry was 28.0 ± 0.2, 27.6 ± 0.2, and 28.2 ± 0.3 in monsoon, 18.6 ± 0.4, 18.3 ± 0.5, and 18.9 ± 0.2 in winter, 38.8 ± 0.5, 38.5 ± 0.4, and 39.3 ± 0.4 in summer season at site I, II, and III, respectively \[[Table 2](#T2){ref-type="table"}\]. A significant difference in the minimum temperature (°C) was also observed at the carpet industry during monsoon and summer, winter and summer season at site II. However, no significant difference in minimum temperature (°C) was observed between monsoon and summer, winter and summer season at the site I, and III. Maximum temperature in the carpet industry was 34.3 ± 0.2, 34.1 ± 0.2, and 33.8 ± 0.1 in monsoon, 28.3 ± 0.4, 26.1 ± 0.3, and 26.8 ± 0.3 in winter, 24.6 ± 0.4, 25.6 ± 0.7, and 25.8 ± 0.4 in summer season at the site I, II, and III, respectively \[[Table 2](#T2){ref-type="table"}\]. A significant difference in the minimum temperature (°C) was observed at the carpet industry during monsoon and winter season at the site I, II, and III. A significant difference in the maximum temperature (°C) was observed at the carpet industry during monsoon and winter season at the site I, II, and III. A significant difference in the maximum temperature (°C) was also observed at the carpet industry during winter and summer season at site II, and III. However, no significant difference in maximum temperature (°C) was observed in the other seasons analyzed.

###### 

Temperature and humidity during different seasons
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The observed maximum and minimum average humidity were above the standards (30--60%) set by ASHRAE for performing different kinds of activities at the work place.\[[@ref21]\] Mean humidity (%) in the carpet industry was 75.9 ± 0.2, 77.6 ± 0.1, 72.1 ± 0.2 in monsoon, 72.2 ± 0.9, 70.4 ± 0.5, 72.0 ± 0.3 in winter, 40.9 ± 1.5, 38.5 ± 1.5, 48.6 ± 1.6 in summer at the Site I, II, and III, respectively. A significant difference in the mean humidity (%) was observed at the carpet industry during monsoon and summer, winter and summer season at the site I, II, and III. However, no significant difference in mean humidity (%) was observed between monsoon and winter at the site I, II, and III \[[Table 2](#T2){ref-type="table"}\].

Evaluation of light intensity {#sec2-9}
-----------------------------

The light intensity (lx) at the carpet industry clearly indicates that the light intensity is below the standards, this much of light intensity will cause eye irritation, eye strain and sometimes a worker takes harmful postures in order to adjust themselves so that they can see things clearly. The mean level of light intensity in the carpet industry was 564.9 ± 35.5, 550.7 ± 36.3, 437.4 ± 22.7 in monsoon, 455.8 ± 18.4, 441.6 ± 19.9, 407.3 ± 29.3 in winter, 533.7 ± 22.2, 421.0 ± 19.0, 440.0 ± 16.1 in summer at the site I, II, and III, respectively \[[Table 3](#T3){ref-type="table"}\]. No significant difference in mean intensity of light (lx) was observed between the seasons analyzed. The minimum level of light intensity in the carpet industry was 234.9 ± 22.8, 236.7 ± 23.1, 220.9 ± 13.7 in monsoon, 267.8 ± 11.5, 209.8 ± 11.9, 248.5 ± 11.4 in winter, 331.6 ± 12.7, 287.3 ± 14.6, 306.1 ± 13.0 in summer season at the site I, II, and III, respectively \[[Table 3](#T3){ref-type="table"}\]. A significant difference in the minimum intensity of light (lx) was observed at the carpet industry during monsoon and summer season at site III. However, no significant difference in minimum intensity of light (lx) was observed between monsoon and winter and winter and summer at the site I, II, and III. Maximum level of light intensity in the carpet industry was 873.3 ± 20.3, 851.6 ± 23.9, and 669.2 ± 17.7 in monsoon, 639.8 ± 12.8, 630.8 ± 12.8, 563.5 ± 10.9 at the Site I, II, and III, respectively \[[Table 3](#T3){ref-type="table"}\]. A significant difference in the maximum intensity of light (lx) was observed at the carpet industry during monsoon and winter at the site I, and II. Furthermore, significant difference in the maximum intensity of light (lx) was observed at the carpet industry during monsoon and summer at site I. However, no significant difference in minimum intensity of light (lx) was observed during other seasons analyzed. This was not found to be satisfactory when compared to the standard levels of 500 lx recommended by Choobineh *et al*. (2004).\[[@ref14]\]
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Light Intensity during different seasons
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Evaluation of noise intensity {#sec2-10}
-----------------------------

The mean sound intensity in the carpet industry was 64.6 ± 0.5, 64.1 ± 0.4, and 65.5 ± 0.4 in monsoon, 64.5 ± 0.5, 65.5 ± 0.5, 65.3 ± 0.4 in winter, 65.4 ± 0.4, 66.6 ± 0.5, 66.7 ± 0.5 in summer season at the site I, II, and III, respectively \[[Table 4](#T4){ref-type="table"}\]. No significant difference in mean intensity of noise (dB) was observed between the other seasons analyzed. The minimum sound intensity (dB) in the carpet industry was 63.0 ± 0.7, 62.5 ± 0.4, 62.9 ± 0.4 in monsoon, 60.7 ± 0.3, 59.6 ± 0.2, 61.2 ± 0.2 in summer season at the site I, II, and III, respectively \[[Table 4](#T4){ref-type="table"}\]. A significant difference in the minimum intensity of noise (dB) was observed at the carpet industry during monsoon and winter, monsoon and summer season at the site I, and II. Furthermore, a significant difference in minimum intensity of noise (dB) was observed between monsoon and summer at site III. However, no significant difference in minimum intensity of noise (dB) was observed between winter and summer at the site I, II and III and monsoon and summer at site III.

###### 

Noise Intensity during different seasons
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The maximum level of sound intensity was 68.4 ± 0.5, 67.0 ± 0.5, 68.9 ± 0.3 in monsoon, 70.4 ± 0.3, 71.9 ± 0.1, 70.3 ± 0.1 in winter, 60.9 ± 0.2, 72.2 ± 0.2, 72.7 ± 0.1 in summer season at the site I, II, and III, respectively. A significant difference in the maximum intensity of noise (dB) was observed at the carpet industry during monsoon and summer season at the site I, and II. However, no significant difference in maximum intensity of noise (dB) was observed between the other seasons analyzed \[[Table 4](#T4){ref-type="table"}\].

Evaluation of fungal colonies {#sec2-11}
-----------------------------

A total of 582 fungal colonies were isolated from both exposed and control environment during the study period. The number of microscopic fungal colonies in exposed environment (518 colonies) appeared to be higher when compared control environment (58 colonies). The major fungi that were present at the workplace are *Aspergillus niger*, *Penicillium citrinum*, *Aspergillus fumigatus*, *Aspergillus terreus* \[[Table 5](#T5){ref-type="table"}\].
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Isolated fungal species and their colony numbers isolated at the workplace
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Evaluation of health-risk factors {#sec2-12}
---------------------------------

Ergonomic issues are observed in a majority of units engaged in weaving carpets in Gwalior. Most of these units have a working environment that is unsafe and unhealthy for the workers. The evaluation of different diseases among carpet-weavers was found to be very high in the study area.

The highest prevalence of different physical and ergonomic diseases was found in winter, followed by summer and monsoon seasons. Pain in fingers was found in 93.7%, 61.5%, 60.0%, 56.2%, and 46.1, 16.6%, 11.1%, 33.3% of the workers in the age group of 10--20, 21--30, 31--40, and 41--50 years, respectively, during winter and summer season, and it was 54.8%, 53.3%, 73.3%, and 71.4% of the workers in the age group of 10--20, 21--30, 31--40, and 41--50 years, respectively \[[Table 6](#T6){ref-type="table"}\], during monsoon season. A significant difference in pain in fingers was observed in monsoon and winter season among different age groups. Occupational contact dermatitis reaction was found in 30.7%, 66.6%, 29.1%, and 86.6% of the workers in the age group of 10--20, 21--30, 31--40 and 41--50 years, respectively, during summer season. Highly significant difference in an allergic reaction was observed in the summer season among different age groups. Eye irritation was found in 87.5%, 65.3%, 65%, 50%, and 46.1%, 62.5%, 88.8%, 73.3% of the workers in the age group of 10--20, 21--30, 31--40 and 41--50 years, respectively, during winter and summer season. However, eye irritation was found in 61.2%, 73.3%, 86.6%, and 57.1% of the workers in the age group of 10--20, 21--30, 31--40 and 41--50 years, respectively, during monsoon season. A significant difference in eye irritation was observed in winter, summer and monsoon season among different age groups. Skin allergy (pruritus) was found in 58%, 70%, 60%, and 28.5% of the workers in the age group of 10--20, 21--30, 31--40 and 41--50 years, respectively, during monsoon season \[[Table 7](#T7){ref-type="table"}\]. A significant difference in skin allergies (pruritus) was observed in the monsoon season among different age groups, and highly significant difference in skin allergies (pruritus) was observed in winter season among different age groups. Shortness of breath was found in 62.5%, 57.6%, 80%, and 81.2% of the workers in the age group of 10--20, 21--30, 31--40, and 41--50 years, respectively, during winter season. A significant difference in shortness of breath was observed in winter season among different age groups \[[Table 8](#T8){ref-type="table"}\].
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Prevalence of musculoskeletal diseases among carpet industry weavers
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Prevalence of allergic reactions among carpet industry weavers
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Prevalence of respiratory symptoms among weavers
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DISCUSSION {#sec1-4}
==========

The present work shows that poor working conditions and occupational problems prevail in the carpet industry in Gwalior. The majority of the occupational problems are due to poor working environment of the workplace, and this study revealed that the workers questioned suffer from three to five different health problems. Accidents are also common, but no protective measures have been taken so far to minimize such incidents, use of personal protective equipment has been almost negligible at these units. Moreover, the workers have never received training of any type to update their technical skill: Both male and female workers with no primary education are employed in these units. The data presented reveal that the majority of the respondents were in financial stress due to low monthly income. Most of the workers were engaged in this profession from last 10 years or above. Respondents indicated that heavy economic stress, escalating prices, low literacy rate and unavailability of alternate professions, forces them to do this job under severe environmental conditions. The workers further reported that they had been never visited by the health department to check their ailments. Many of the physical examination findings were statistically correlated among different age groups. The health findings are consistent with the earlier observation about the ergonomics of traditional looms\[[@ref22]\] and the insufficient ventilation and lighting.\[[@ref23]\] Carpets weaving under high-temperature and high-humidity or strenuous physical activities have a high potential for inducing heat stress to the workers. High relative humidity may cause some physical disorder \[[Table 9](#T9){ref-type="table"}\], relative humidity of the air directly affects temperature perception.\[[@ref24]\] Our study also revealed that these health discrepancies demonstrate low lighting conditions, unsuitable temperature and humidity, high fungal contamination, in home-based workplaces. Highly significant difference was observed in eye irritation and skin allergy among different age groups at the workplace. Heat is continuously produced by bodily processes and dissipated in an automatically regulated manner to maintain the body temperature at its correct level of physiology. The experience of comfort is the achievement of thermal equilibrium with the minimum amount of body regulation. Extremely low (below 20%) relative humidity may also cause eye irritation\[[@ref25][@ref26]\] and moderate to high levels of humidity have been shown to reduce the severity of asthma.\[[@ref27]\] Moreover, due to low and high-temperature weavers adopt different harmful postures to retain and lose heat from their body that develops constriction of back muscles \[[Figure 1](#F1){ref-type="fig"}\]. This may lead to poor circulation of blood to the worker\'s legs which may develop into back pain and joint pain among the workers during different seasons. The type of loom, where weavers are weaving contributes in developing MSD such as neck, shoulders, and legs.\[[@ref28]\] The questionnaire showed that musculoskeletal symptoms were common among weavers. This indicates that the carpet can be considered as a high-risk occupation for developing musculoskeletal disorders.\[[@ref29]\] The workers within the carpet industry in Gwalior are also exposed to low level of light as compared with the standard mentioned in earlier reports. The poor level of illumination is very unhealthy for the type of work, which is performed by carpet-weavers. The high prevalence of eye irritation and headache among the carpet-weavers may be also due to the low level of illumination at the workplace during winter. Young weavers are a pressing health issue in the carpet industry of Gwalior. The higher risk in young workers is well known.\[[@ref30][@ref31][@ref32][@ref33][@ref34][@ref35]\] The injuries investigated were mainly due to an imbalance, handling/carrying objects, physical exertion, handling tools, pain caused by performing. The observed humidity and temperature at the workplace were beyond the limit\'s sets by ASHRAE. The high humidity at the carpet units may cause different symptoms among the weavers. They get tired sooner at higher temperature and high humidity, which decrease their work performance and hence productivity. The high humidity of the workplace is responsible for the growth of fungi like *Aspergillus* that may cause skin allergies and eye irritation among the workers. On the other hand, the unhygienic condition prevailing in the carpet units may add the already existing problems. Other species such as A. niger, *Aspergillus parasiticus*, *A. fumigatus* \[[Figure 2](#F2){ref-type="fig"}\] and A flavus also bear great importance in terms of possible health effects viz., hay fever, asthma, coughing, sneezing among the weavers.\[[@ref36][@ref37][@ref38]\] *A. terreus* \[[Figure 3](#F3){ref-type="fig"}\] may cause opportunistic infection in carpet industry weavers with deficient immune systems, but may also cause disease in immunocompetent individuals, and *P. citrinum* \[[Figure 4](#F4){ref-type="fig"}\] cause keratitis, ear infections, pneumonia and urinary tract infections. Only a few workers reported the problems of hearing loss in our study. The noise intensity at the workplace was well within the limits set by CPCB India. The few cases of hearing loss at the workplace may be due to the presence of fungi *A. niger*, which produces fungal balls known as aspergilloma. The present study showed that there was a high rate of poor working conditions and musculoskeletal problems for the Gwalior carpet industry. In conclusion, our study reported high prevalence of respiratory and musculoskeletal diseases among the carpet-weavers of Gwalior that were similar or lower than that previous reported in such a type of similar studies. Our study indicated that people working in extreme cold environment are more prone to various occupational diseases as compared to people who work in the temperate environment. Further research is required to build up effective preventative or ergonomic strategies that may be applied to the carpet industry to decrease the incidence of occupational diseases. The main cause for musculoskeletal symptom in carpet-weaving in Gwalior is self-designed weaving workstations and poor lighting conditions. Therefore, interventions toward designing ergonomic weaving workstations and carpet-weaving hand tools should also be regarded as a main concern for improving the situation for workers in the carpet-weaving industry. Therefore, there is an immediate need for government cooperation to provide a safer environment and proper ergonomics for weavers in the carpet industry of Gwalior. There must be some provisions to use masks, earplugs, first aid facilities and proper uniform as personal protective equipment that may reduce the burden of diseases among workers.
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